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(57) .\bstract 

A wrong nozzle having two tapeted 
icnei with elliptical cross sections is able 
a orient and son a large fraction of uym- 
T.etrical or "flattened" cells. "Hsia nczile bas 
aarticular apolication for sorting viable nale 
(Y) and fen'aie (X) spenn populations ir. a 
esil sorter. 
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7L0W CYTaXBTay NOZZLE ?0R HIGH EFFICiaTCV CSIX SORTING 

a..r^Vrr-otind f^^e Invention 

g-ia-ld of tihe In vention 

The physical 3eparaci=n of semen incc purified X- and Y- 

chr=.osc.e bearing sper™ populations using flow cytonecry and 

sorting has proven to be effective in hunans, cattle, swine, sheep 

and rabbits for gender preselection. 

The success of the sorting process is dependent on the 

accuracy and efficiency of analyzing sper™ for DNA content. High 
resolution flow c^^ometric DNA analysis of sperm is han^pered by 
ics uneven emission of fluorescence. Due to the sperm head's flat 
shace, ccn^oactness of chromatin and a high index of refraction, 

-da- is TTUch brighter than from the flat 
<=i uorsscence ircm t-.e eaa- -i-a 

,n^^^y.^-■^ ec al J Ceil PJiysiol . 87:357-376 
3-ide of the stserm (Gladhi^l et ax . , u v, 

-, rv-cniec-r 7:263-273 (198S) ; and Pinkel et 

(197 S ) ; Johnson et ai., cy>.^niec_y 

al., cytometry 3:1-9 (1332^. This fact, coupled with random 

or^ertation, results in a broad fluorescence distribution hiding 

K™.■-^^-•on3 w^th different contents of DNA within a 

specific subpopuiat-ons w -i.- 

, . 4- i-o I'cse ar eoiilluminatxon 

samcle. A solution for this proolem xs to -se an e? 

-^„^nc co-ax^al flow characteristics. However, 
flow cytometer emp-oying co ax^ai 

..is svstem is generally not suitable for cell sorting. The onxy 
solution that incorporaces DMA analysis ar.c sorting is to collect 

P^-nr, «-ct3e--'v oriented cells using an orthogonal 
cnlv fluorescence frcn p^cpe--/ o-J-e 

. «.»^/^.o^T so-'-e- (Johnson et al . and PirJcel et al.. 

flow cytomecer/ cexi so- -e- 

supra) . in the orthogonal system, a 90 — o.-scence ^ 

of n-^oe-^y oriented sperm. A bright signal 
u«»ed for detection ot prw?e--y 

■H^-ic-t: edae is effectively orientated to 
indicates that a sperrr.' s brig.-t eage is 

50- de««=r and conae^r.-.ly th. fl."- side will t.c. Che 
,.se- b^am. ^ forward fluorescence deteccor COM is added to the 

iio^r -he fluorescence from the flat face 
c-11 sorter to collect -he -luo.e 

K==n, The fo-^ard fluorescence signal when 
ooDOsite to the laser beam. The torwa 
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coi-cced frcn Che flar side of =he prcperly orientaced sperm 
an accurate measure:uenc of DNA ccnuenc (Jchr^on ec al. and PinJcel 

ec al. , supra) 

inproved high efficiency sorting can only be valuable for 
soerm sexinc if three criteria are met: 

It does not decrease the accuracy of the D^-A measurement 

f maintain 90% purities) . 

2) Stability of sort is not compromised (tirae net wastea 

adjusting cell sorter} . 

3) snough sperm can be recovered enabUng their use fcr in v.txo 
fe-tilizaticn and artificial insemination. 

-"-.s invention relates to a novel nozzle which is designed 
.o orient and sort a large fraction of sper. independent of sheath 
fluid velocity and sample rate. 

p^a/^T-ipci ^T. the Prior A?t 

- <; randca! in conventional 
The orien-ation of sperm i.cexlsl -S ^anacui 

^e- sorters. For sperrn sex.ng. cell scrzers have been modified 

ty reolacinc the sample infection needle with a beveled needle 

tOean"et al., Bic.chys. J. 23:7-13 (1973); Fulwver, J. Histoche.. 

Cytochen,. 25-781-783 (19771; Jchnson et al . , supra; Pin)cel et al.. 

=; (i9'78); and Welch et 
sucra; Stovel. e:: al . , Biophys . J. 23:--5 (-9.8), 

-7 A MoqA>i '^his beveled needle 
al cvtcoiecry 17(Siippl. ■!)■■ 7' (15341. ■ 

toJces\ lar=er pr=pcr-.i=n ot =pe™ =o c-, th. laser team in the 
proper orientation because it reshapes the cylindrical senile 
strea. ir.tc a thin ribbon. The beveled needle helps to orient 
s.eo», especially spe^ heads, e.g.. sper.. without their taU. 
"the sa,^le core leaving the beveled needle will be in the shape 
of a ribbon, which applies crlenti.-.g forces to the sperm. However 
th's -bbon only exists when the sample stream is narrow,- that a.s, 
under low sanxle pressure and concomitant low sanple rate. These 
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ccdi-.icn^ are n=n advantageous tor efficient spem scrciaj. 
;,.sc, the in^rcve„e« in orientation attributed to U3e of a 
leveled needle ie le=a pr=nour.=ed £or living and .otile .per.. 
O^.y 20-40% of intatt viable sperm are correctly orientated uaang 

, ^ i!.„rn<J "erti'. Dev. 7:993-903 (1995)1. 

th's svstem [Johnson, Seprod. .erci.. 

.his .neans that hetweer. 60* and .OV of the detected sper. are not 
„alyzed for ar^alysia. The ability to eort intact and viable 
cells in coniunotion »ith l^roved orientation efficiency wou.d 
lead to a much higher sorting efficiency. 

Kachsl et al. tJ. Histochem. Cytochem. 25 = 774-780 (1977,1 
d^sclos. an asymmetrit Ple:ciglas- cnarnber tor orienting flat 
pa-tioles (fixed chicken err-l—Y^"' ' -crosoope. :-=achel 
e-'al. suggest that the simplest flow path for applying the 

. . 'cousins forces consists of a tube with an 

necessary hyaroayiiam-c ^ccusi.^a 

e-iot.oal crcss-section and ending in an elliptical outlet hav^g 
a"lo"ng axis at right ar.gl.s to the long ax.s in the oross-section 

• ^- oT. lor^-a^ fobe. This device was not 
proposed for use in conbir.ation with a cell sorter. 

c.rr ^^-r^ of ^•-«» Tnvantlon 

we have now discovered a novel nozzle design useful 

soecificallv for high efficiency flow sorting of asymmetrical or 

^flattened"' cells in a cell sorter. The no.=le. s unicp^e design 

^corporates two ellipsoidal interior zones and an elliptical exxt 

of a-able d-oolst formation and cell sorting. A 
cr-* f ice capable of Swaaie cro- 

.n^^-^r-^-^sti- of the nozzle of the invention 
unioue perfcrwance cnarac^e— =tx- o»- ^ ^ 

is ;hat, «h.n used .ith intact viable sper., Che proportion o. 

oriented spert, ar ntially independent of spem mot.lxty. 

sample rate, and sheath stream velocity. 

in accordance with this discovery, it is an ob,e=t of the 
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efficiency of correc.Iy crie.-in, n=„ra.ially sv»e«icaX cells 

ir. a separation scream. 

<, . specific Object =£ .^-e inven.ic. t= prcv.de a ».ans 

- ^^^^^-i^.ncv c'^ spem cell sorting 
for ixprovxng t-ie acearacy a-v* 

in a flow cyzometer. 

XC U another Cjecc cf t.e invention to enable t.. 
utilisation of speed cell sorters in order to »a=ci™ize the 

numb-- of sorted sperm per unit time. 

other o-cjeots and advantage, of the invention will heco^ 
readily apparent from the enauing description. 

^^^.^ .^^--rrion of fha Cra.iMl 
1 is a perspective view of one e.bodi.er.t of the no.zle 

of the invention. 

„=. « is a front elevation interior outline of the nozzle 

of nhe invention. 

. * ^v,, i-iter^cr outline of the nozzle 
PIG. 2B is a top view of the interior ou 

as depicted ir. riG. 2A. ^^^^^ 
FIG. 3A is a side elevation mte.-o- o 

of the invention. ^^^^^ 
FIG. 3a is a top view of the interior ou.lin- of 

as deoicted in ?IG' 3^- 

4. is an orientation histcgxa. of hoar intact sper. 

^as-ored with a beveled needle/oonioal nozzle syste. of the pr.or 

rig « is an orientation histogram of boar intact sper. 
.ea^ured^ith a ocnvent.or.l cylindrical needle/elliptical nozzle 
in accordance with the invention. 
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HAi^^iled r >«.r^-Lction of rhft Isventjcn 
The novel r.ozzle design of the inverxion ia most typically 
.n^cdied as a s.ream jet-ir.-air .oxzle which is described in Che 
.ns^-ing discussion . However, it would be appreciated by a person 
o^dinarv skill in the art that the design could be inccrporatea 
into other types of no«les as well, such as a quartz channel 
nozzle. 

R.f-rins to TIG. 1, Che oozrl ncially comprises a body 

1 havir.9 interior threads 2 or ether suitable .neans for atta=h™=nt 
CO the flow cell body or noz.le holder ir.ot shown) . In an 
alternate enbodimn^. a pressure fitting could oe used ins.eac of 
threads fcr attaching the ncz.le to the holder. The 
interior of the hox.le is adapted to receive senile infection 

, . J' ro siTc-end into the nozzle a surticient 

needle 3, which is adjusted to ex-ena m-o 

de«h to maintain la»inar flow. The injection needle au.y be a 
sc'andard cylindrical needle or it be beveled. In the tip o 
.he n=«le, opposite the aeans for at-.achnent, is a cylindrical 
or-i=e 5 which serves as the final e.it from the flow ncz.le. 
Or'ifice 5 is fypically drilled into a jewel 4 which is positioned 

the end of nozzle body 1. 

. -rrc 2A 2B 3A and 33, the interior of the 
Referrinc- to FIGS. 2A, ^a. •'^ 

• - ^ 'i-st ellipsoidal zone 8 and a second 
nozzle comprises a ^i-s^ e— ips 

a ^-arsi-ion zona 12. Virtually 
ellipsoidal zone 9 separated b^r a -ansi— on 

= ^b- f— St and second zones and of the 
a"l cross -secnicns o- the r„s- oiiv^ 

V a'rar-e o^ an ellit)se having a 

transition zone 12 are each m the 3na,e o. a. . 

' = «r«r- ax^s The first zone 8 is tapered from the 
long axis anc a snort ax-a. ii-= 

^uth to the transition zone such that the cross-sectional area 
of said tra.-.aition zone is less than that of the ..cutn. The 
second zone is tapered fro. the transition zone to an exit or. .=e 
IS having a oross-sectional area less than that of the transition 
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,ore. The long axis of "-Ixe e:ci. orifice ellipse is oriecred 
aporoximarely 90' to tl.e long axes of both the mouth and the 
c«-a"sition .one. Orifice 5 is irrmediately downstream, from the 
el-in^ical exit orifice 15. Orifice 3 is concentrically aligned 
wi'-h exit orifice 15 and also has a smaller cross -sectional area 
than f-ae exit orifice. The interior shape of nozzle 1 can be 
visualized with a standard fle:cible f'onnel by ccirpressing opposite 
e^.es of the bowl of the funnel tc fom an oval shape at the 
.outh, and by compressing the stem of the funnel at ^0' to the 

•.i^^H bow"' to form an ellip::icaj. slit 

compressive forces applied to u..e dow- 

the stem outlet. 

The actual and relative dimensions of the nozzle interior in 
a preferred errbodinent of the invention are given in Table I, 

. fourd •'n FIGS. 2A, 2B, 3A, and 

below. The dimension reterenceo *-e touna 

3B Dimensions A and S represent -.he shor. and the long axes, 
respectively, of mouth 10. Dimensions a and b represent the short 

T ^.p --a-TQ' cri zone 12. Dimension 
and the long axes, respectively, o. u-ans^-cn zo..e 

„j = r>f ov-r c'-i-Pic<=» 15. Dimension c 
a also represents the long axis of ex_t o.i-ic- x 

- - <->f -he o^-ifice. Dimension X is the 

recresencs the snort axis of -ne o--^ — 

a ^-.A V is -h= height of second zcne 9. The 
height of first zcne 3 and Y is .n- ne-g- 

^.^.n in T-ab^- ^ are considered to be approximately 
dimensions given m lao-- - 

n--e-=.-ina viable intact sperm, 
ootimal for the purpose of o— e g 

- - V. ,r,r<-o^-iare'^ bv the tjerson in the art, that 
However, it wou^a be appreciate- cy . 

these di.«nsio.s cculd be varied wic.U. reasonable limits without 
si=r.ificantlv altering the fur.=ti=nal ability =t the nozzle to 
so'r- while orianting viable sperx. or other as-^et=i=al cells or 
obiects. The tolerances for these dinensions are at least about 

^^0% of the values given in Table I. 

Table II presents ratios of various significant nozzle 

v,-<,^ri tmon the relationships given in Table I. These 
dimensions based upon cne 

•^v,^n Tlnits ^20%, with the proviso that the 
ratios may vary within limits o. 
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• = rr-roac&r ♦■han 1 30 chat mouih 10 is 
racio of 1/^ remains greacer -nan 

, ^ =1-^ the -ac^o of B/A should be at least about 
oil Statical . Tvpicalj-y. tne _at.o • 

• « H>,^ -a-^o B/A to the ratio b/a, it is apparent 
1.1. In conipar:.ng the -a. — o fi/a —J 

J! -v,fl ir>rc ax-^s to the short axis 
t^at -^e relative diff-ensions cf -he long ax_s to 

ot ccss-sections of the first zone progressively increase fro. 
.H- .outh of the zone to the transition zone. In succeeding 
cross-aect.ons downstream, from the transition zone, that is, m 
second zone, the long axis/shcrt axis ratio begins to decline, 
an -inversion" point 20 which is inter:nediate transition zone 
12 and exit orifice 15, the axes are e^al ar.d the interior cross- 

A ^^.no ca^ar From the inversion point 

section of the second zone is c.ca.a^ 

exi-. =riil==, cress -3.==ions =f second zone are aga^n 
e'llB^ical; bu. =h, long a.as .t .he crcss-.accicns ar, a-. SO- no 
t^a 'ong axes of .he oross-sec-.ions above nhe inversion poir.n. For 
..a ellicses inscribed by each snoceedlnc cross-se«.on 
a;oroa=.ing ..e e:ci.. orifice, cbe ratios cf t.e long axes to the 
sb'cr-. axes progressively increase. It is understood tbat ...each 
progressively downstream cross-section fro» the »outh ct the 
ro«le to the exit office, the dln^nslons of both the long axis 
and the short axis decrease commensurate with the continuous 
taoerlng of both the first and second zones. 

" The elliptical nozzle oi this Invention .s capable = 
orienting in excess of e=. of sper. for sorting, -men compared 
„ a conventional system employing a standard cylindrica- nozzle 
co^ination vlth a standard conical sample Inl action needle 
waereln sperm traverse the laser be^ with random orientation, the 
elllotical nozzle achieves approximately a t..ree-f=ld Increase xn 
the proportion of sperm oriented for sorting. ^proximately a 
two-fold increase in efficiency is obtained in comparison with a 
standard conical nozzle in combination with a beveled in,ect.on 
..edle. When a beveled needle is used to orient sperm. 
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f-accicn of orier.ced aperrr. decreases with ^r.crsasing sainple rate, 
we '.avs found t:hat with the elliptical nozzle, the proportion of 
proper or.en.a-.ion is mair.tair.ed at sample rates up to at least 
,5,000 sper. per se.ond. This high level of performance is 
bereficial for efficient spem sorting. Ir. tests .ith tovine 
sper. (Example S> . it is apparent that a cell sorter equipped w.th 

• 1.. ,,^«a-=-aa X- a-id Y-chromoscme bearing 
the new nozzle effectively sepa^Swes x ana . c 

scer^ into sorting purities of approximately 90% . 

The nozzle of the invention is envisioned to be useful for 
sorting viable spern of any mammalian species as well as for 
sorting blood cells, seeds and other asymmetrical units. Ces« 
wich bovine sperm (Example =) indicate that performance of the 
nozzle is not influenced by sperm mccility. 

A high speed sorter equipped with the nozzle of this 

•^T^ co-rred \- and Y-chrcmosome 

invention increases the yieid o. sorted x an 

bearing soem 10-fold and will maice artificial insemination with 
sexed s.erm a more feasible alternative co in vitro fertilization 
and enb::vo transfer or surgical insemination in gender 
oreselection of livestock and ether animals. 

The following examples are intended to .urthe. i±-us- 

invention. 

BXAMPL3S 

Spem prsparaticn and Staining 

Ejaculated semen from several mature bulls and boars of 
proven fertility and on re^lar collection schedules, and semen 
from mature New Zealand .liite .uc.s (rabbit) were used for thzs 
study, in addition, one semen sample each of the mouse and human 
.as evaluated for demonstration purposes because of the differing 
head shapes of their spe^. Sperm preparation and staining were 
bas-^d on the method described by Johnson et al. [3iol. Repro. 
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41:199-203 (1989)) and Johnson et al . [Ganiets Research 17:203-212 
(1987)]. ariefly. aliquots of near semen were expended to a 
conc^ntracicn of 15xl0Vml to lOOxloVml in: Hepes buffered medium 
containing C.1% BSA (pK^ 7.4) for bull sper:n, 3eltsville Thawing 
solution (BTS, pH= 7.2) fcr boar sperm, and Tris buffer (0.21 M 
Tr^s, SB m glucose, and 57 n*1 citric acid; pH.6.9) for rabbit 
scerrr.. Mouse and human semen were extended in BTS . Sperm were 
subsequently stained with 7.1 uM Hcechst 33342 per 15xl0« spenr. 
(CalbiocheT.-Behring Ccrp., La Jolla, CA) and incubated over a 40- 
min period at 32 -C. For the bull sperm studies, just prior to 
analvsis propidium iodide (PI) (1.5 M^i, Calbiochem-Behring Corp., 
La Jolla, CX) was added to the Hoechst 33342 stained sperm. This 
allowed dead sperm to be distinguished from living sperm, as 
described by Cchnson et al. (1934, supra) . 



Cell Sorting 

For Examples 1-5. two variations of a standard cell sorting 
system were used for sorting viable intact sperm with the nozzle 

r-'hc. PPTCS® V series flow cytcmecer/cell sorter 
of invention: . the BPX<-tJ v tjt;-ic= 

CCoul-.er Corcorarion. Miami FL) and the EPICS<^ 750 (a modified 
version of the EPICS* V) . For Examples S and 7, a newer system, 
-h- McFlc^ high speed cell sorter (Cytcmaticn Inc., Fort Collins, 
-^C) was used. Each cell sorter was modified for sorting sperm as 
desc-bed in Johnson et al. (1986). supra. The primary 
ncdif^ cation is the replacement of the for-.ard light scatter dicde 
de^ecor wich a forward fluorescence detector, necessary for 
crientina and sorting intact and viable sperm. The modification 
arows the collection cf fluorescence from the brighter edge .of 
th- soerm (existing 90' fluorescent detector, which selects the 
prooortion of sperm orientated properly) as well as the dimmer 
fa^e of the sperm whose fluorescence is collected by the forward 
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dec^c^cr only fro. orienca.ed sper:n. Tl.e standard EPICS* uaes a 
76 .n, conical flow nozzle which was replaced hy the elliptxcal 
-ozz- of the invention having the measurenencs indicated .n Table 
I The MoFlo» high speed systeTn was adapted with a complete flow 
system common to the EPICS» system and was then able to 
-.ceive Che elliptical nozzle. Sperm intersected the laser beam 
af--^ passing through the stream jet-in-a.r nozzle. The nozz.e 
a^one is resoonsible for orienting the sperm and can do so wxth 
e^t>er the standard cylindrical needle or with a beveled needle. 
The fluorochrome of the sta.ned sperm was excited with ultraviolet 

lighc ^ 

^ -Ko ^^'"^ -acv zhis invention, several 
TO ^ully demonstrate -he e^.i-acy .x.^=» 

exp,ri.«... were ccnduc-.e... T.He firs-. S .xper.»e«s titles 
S, outlined b.l=w were designed to quantify (Student's t-test for 
snail s^I.s> the i»provet-nt in orientation and sorting obtained 
the nozzle of the invention. The last two experiments 
(Hxa^les 6 . applied the nozzle of the invention to the high 
ef ficienoy sorting of X and . sper., for fertilization which would 
otherwise not have been possible, 

.;^en purities of the sorted satoles are reported, the 
percentages were determined by the flow cytometric reanalysis of 
c^e sorted sample, xl-^ots .100,000 to 250.000 spe--..;. cf spern, 
pulse sonicated to remove tails (allowing for better 
prlcision in analysis, . Sperm were then restrained and rerun on 
the flow cyhometer. Resulting histogra..3 were fit with a double 
Gausian curve fitting routine. 

Example 1 

ir this E.-.ample, the performance of the nozzle of the 
i.ve-tion was compared with a standard sperm sorting system and 
wi.h a system using a beveled needle with ar. inclusive angle o£ 
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12- the cutlec end. Semen of 8 different bulls was analyzed 
on two different days with the standard conical nozzle and 
scandard cylindrical injection needle. Semen of 13 different 
-^13 was analvzed or. three different days and measured with: 1) 
Che standard conical nozzle and beveled needle, 2) the elliptical 
nozzle and standard cylindrical needle. 

sample rates were aiout 2000 speru. per second. window 
se-t^ngs to select oriented sperm signals were the same for each 
experiment. Measurements of sper:n with the standard and elliptical 
nozzles were done with two different cell sorters (EPICS- V and 
,PTCS« 750) . in this way. low proportions of oriented sperm 
laused b-. changing needles bacicwards and forwards was avoided. 

A large improvement in bull sperm orientation was achieved 
using the elliotical nozzle compared with the standard nozzle 
-...ed with a cylindrical or beveled needle (paired difference t- 
.esrs, p<0.05, separate data not showr.) . On average, a 3.0 times 

^- „^4^r^^aA soerm was obtained with the 
laraer croportion of or-en>,ec s.s-exm 

elliptical nozzle (52.5 ± 4.7%, n-lB", when cc^ared with standard 
conical nozzle in combination with the standard cylindrical needle 
(17 3^0.7%, n.8) and a 2.3 times larger proportion of oriented 
sper. when compared with the standard nozzle in combination wxth 
Che beveled needle (22.7 ±3.5%, n=lS) . 

Exasple 2 

Tins example wa» designed to analyse rhe influence =£ sperm 
„„.iUty on crientacion by the elUpcical noz.le o£ the invention. 

■r^T-ar- featu^« cf viable sperm, as only motile 
Motili-y 13 an importan- reauu-- 

3,et. samples are considered suitable £or se.ing and 
EartHization. Proportions oi oriented intact viable spern «ere 
compared »ith proportions of oriented sperm without their taUs 
and orooortions of oriented dead intact spem. Measurements were 
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performed on four di».r,=c day= with seo.n o. dif^aren. bull.^ 
San^le ra-.es wer, a^.t 2O00 sper. per aeccnd. Viable sper. could 
^ .-^ly.ed separably fro., dead .per. by -.belr differential 
Hoecbst fluorescence, because which only scaina dead aperm. 
cnienches Hoechst fluorescence. 

proportions of oriented viable bull sperm . 6.7%, «re 

.he sane as those oi taUless bull sper. (S,,S t 4.2*. or dead 
^ull soertv (S3.3 t 4.3%. - signi^ca- difference at P=C.05. 
„.4.. "showinc that motility has a neoligible influence on 
orientation of bull sper. when the novel elliptical no«le .s 
used. 

Example 2 

This exac«=le was designed to assess the influence of sample 
,at- on orientation. Sample rate is i;«pcrtar.t as it iS 
advantageous to sort sper. in the shortest amount of t.»e 
possible, semen of 9 bulls was measured on two days with sample 
rates of 500 sperm/set and 2000 sper../se=. Orientations of 52.1 
. and 52.3. tS.S were obtained for sample rates of SCO 

/ a Mi-ed difference t-tesr) , 

soerm/sec. and 2000/sec. (n=a, pai.e.. 

. . • ^.r.«^ra'-in'' tha- orientation was net influenced 
respectively, aetnonstra^ina Tina- 

by sample rate. 

Sxaaipla 4 

in E=ca«ole 4, spe^. collected from rabbits, mice and humans 
„e^e evaluated to investigate the orientation perforate o£ the 
s^Uptical nozzle for these species with ccntrastinc sperm 
morphology. Semen of 3 different rabbits was analyzed with the 
eUiptical no«le and proportions of correctly oriented sperm, were 
determined. Additionally, n»use sperm and f roxen-thawed human 
3„erm were analyzed to demonstrate the use of this nozzle for 
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A h^gh prcpcrticn of rabii-. sparm were correctly oriented 
„h.r. measured with the elliptical no«le (43 . 2.4% n.3) • The 
prccor-.ior. of oriented sper.. obtained with mouse sper. and huran 
cryopreserved-thawed srer:. was 44% and 45% respectively. 

Example 5 

This example was designed zo rest the ability of the novel 
nozzle system, for producing sufficient numbers of sorted 
populations of sper. fron two different species that could then 
be' shix^ped by air tc different regions of the country and used the 
same day f=r in vitro fertilization of cccytes at that particular 
location. High purity sorted samples were obtained cn al. days 
t^e experiment (Table III) - On average, a X-sperm sort purxty 
cf 87.6% t3.1% and a Y-spern. sort purity of 89.3 =2.5% were 
obtained. 

Boar sperm orientation on average was characterized by a X- 
soer. sort purity of 8S.3 t and a Y-spert. sort purity of 89.4 

■ 2 4* was obtained (Table IV) . Proportions of orientated spert. 
l.r. on average 60.5 r 0.9%. Orier.tation hlstograns obtained .it.h 
the conical no«le/beveled needle syster. and wit>. th. elliptical 

nozzle/cylindrical needle are presented in ««. 4A and 43. 

resnectively. to show the significar.t improvement in orientation. 

^•ne paired vertical bars in the figures represent t.he orientation 

window re,.ired for effective sorting of X- and y.chromoeone 

bearing sperm. 

Sxsunple 6 

Example « demonstrates that sufficient sperm, could be sorted 
a Short time, yet in sufficient magnitude to use the sorted 
soerm. for regular artificial insemination In cattle. Two million 
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sorted X and Y sperm using both boar and bull sperm needed to be 
so-t-d and recovered at approximately 90% purities (85-95%) 
between 9am and noon and Ba. and 10am respectively. These 
constraints were imposed because of required counter to counter 
air shipment times which enabled same day Li vitro fertilization 
(TV7- bv Research collaborators in other states. 

The sorts described above were successfully carried out 4 
times for boar IVP and S tines for b^.11 TvT. The previous sorting 
technology which only allowed several hundred thousand sperm to 
be recovered per hour would have made these experiments impossible 
to do, 

Sxanple 7 

sorted X and Y (prin-.arily X) scerrr. were used for artificial 
i.semir.ation of dairy cows. Pour to five million sper.. were 
req-aired at aporoxinately 90% purity (85-90%) for each recipient. 
Uo to 5 recipients were to be artificially inseminated per day 
with sorted sperm. Therefore, up to 25 million X sperm (50 
Allien, total X and Y> were required to be sorted between 9am and 
4pm. This would not have been possible without the nozzle of the 

^ T cr ^n'jjs) were successfully 

invention. These experiKver.ts (from 1 to 5 govs.) we.e 

carried out 5 times. 

Table I 

Parameters of Preferred Smhcdinent ^ 



B 



Actual (nni) 



S 7 0.9 2 



0.2 5.5 2.5 



R.lacivetc£ 3CS 35a 4.SS lOs - 27.5= 12.5= 
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Table II 

Significar-c Dimensional Ratios of Preferred Embodinenc^ 



Relationship 


Ratio • 


Minus 20V 


Plus 20% 


3/A 


1.2 




1.4 


b/a 


1 

2.2 1 


1.8 


2.6 


a/c 




3 , 6 


5.4 


X/A 


0.5 


0.7 


1.1 


Y/a 


2.8 


! 

1 2.2 


3.4 


A/a 


6.7 


5 .4 


8 


B/b 


3.5 


2.8 


1- _ 



Day 
1 
2 
3 



Table III 

sort purities of bovine (bull) X-sperm and Y-sperm 
measured with the elliptical nozzle 



Orientation (%) X-sort (%^ 
33.0 



50 
57 

59 

52 

54.5 ± 4.2 



91.5 
34 .0 
87.0 
37. S ± 3.1 



Y-scrt (%) 
90.5 
9C .5 
85.5 

90.5 

89.3 ± 2.5 
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Tilble rv 

sort purities of porcine (boar) X- sperm and Y- sperm 
measured with the elliptical nozzle 



Day 

^ 61.5 



orientation X-sorc 1%) Y-aort(%) 
34.0 99-° 



2 
3 



Mean ± sd 



60.0 84-2 87.3 

SO.O 87.7 92.0 

60.5 ± 0.9 85.3 ± 2.1 ± 2-4 
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We Claim: 

1 a nozzle ccoprising a bcdy- Having a firsc interior rone 
„d a second interior zone, said first and eecond zones being 
separated by a transition zone, -herein essentially all croas- 
.ec'ions of said first and second zones and said transition zone 
,,e in the shaoe of an ellipse having a long axis and a short 
axis, wherain said first zone comprises a mouth and is tapered 
fro« said ^uth to said transition zone such that the cross- 
sectional area of said transition zone is less than that of the 
n,outh, therein said second zone is downwardly tapered from said 
transition zone to an exit orifice having a cross-sectional area 
less than that of the transition zone, and wherein the long axis 
of said exit orifice is at approximately .0- to the long axes of 
both of said mouth and said transition zone. 

2 The pozzle of Claim 1 -herein the ratio of the long axis 
to the short axis in the transition zone is greater than the 
corresponding ratio in the mouth. 

3 The nozzle of Clainv 1 wherein the ratio of the long axis 
CO the short axis in the exit orifice is greater than the 
corresponding ratio in the transition zone. 

- ria^m 1 wherein the ratio of the long axis 

4 The nozzie or Ciaiin - wnets— i 

to the Short axis Increases as the cro.s-sectlonal area of the 
first zone decreases from the mouth to the transition zone. 

5 The nozzle of Claim 1 wherein the ratio of the long 
ax^s to the Short axis decreases from the transition zone to a 

equal and thereafter the ratio of the long axis to short ax.s 
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■ ncreaaes a., th. Ion, axis la a. a^rci^tely 50- « the Ion, 
axia o£ both of aaid mourt and aaid tranai--ion zona. 

e. Tha nozzle o£ Clai. 1 wtiarain .aid nozzla further 
oompriaas mear^ for atcactoenc to flow call. 

, THe nozzle of Claln, S whereir. said .^.ana for attachment 
are Interior threads adjacent to said firat zone and adapted to 
be received by exterior threads on aaid flow call. 

a. The n=z.l. of Claim s -.herein aaid means for attachment 

is a pressure fic-ing. 



3 The nozzle of Clai. 1 v^herein said body further 
ccn^rises a cylindrical orifice downs.rea. fro., and of smaller 
cross-section than, said exit orifice. 

XO The no«le of Clai. 1 wherein in FIGS. 2A. 2B, 3A, and 
3B the ratio of B./. ie in the ran.e of a^ut i.. - .... - rat.o 
cf Wa is in the range of about 1.8 - 2.., the ratxo o. ./S xn 
. . . , 6 5 4 the racio of S/A is in the range of 
the range of acout 3.6 "e ra. _ , , , , , . 

v/> in rancre of about J..-^ 
about 0.7 - 1.1. the ratio of Y/a xn th- . 

■ ^ i- in the range of about 5.4 - B.O. and uhe 
3.4, the ratio cf A/a x= xn tne ir*..y 

ratio of S/b is in the range of about 2.3-4.2- 

The nczle of Clai. 1 wherein in FIGS. 2A, 23, 3A. and 

3B the'value of A is about . ^, the value of i is about 7 ™. the 

.,^1.,^ r^f h is about 2 mm, the 
value of s is about 0.5 mm, tne value of b iS 

value of s is about C.a ». the value of S is about S.S » and .he 
value of Y is about 2.5 mm. 
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Fig. 4A 
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